In the 19th century, early scientific investigations of brain behavior mechanisms depended largely on observations of antemortem behaviors as they related to postmortem cerebral lesions. These investigations formed the basis of the modern neurologic examination that allows localization of dysfunction. This anatomic approach to the study of brain-behavior relationships was advanced by inclusion of examination of living subjects by in vivo imaging using CT and later MRI.
In the 19th century, early scientific investigations of brain behavior mechanisms depended largely on observations of antemortem behaviors as they related to postmortem cerebral lesions. These investigations formed the basis of the modern neurologic examination that allows localization of dysfunction. This anatomic approach to the study of brain-behavior relationships was advanced by inclusion of examination of living subjects by in vivo imaging using CT and later MRI.
New windows on brain mechanisms were opened with functional imaging (e.g., fMRI, magnetoencephalography, PET); however, even these methods have been largely applied in a topographic matter to determine areas of activation or deactivation. Although this topographic functional approach has provided considerable insight into brain mechanisms, it has limitations and may result, at times, in a type of modern phrenology, which can produce a skewed view of brain function. It is clear that individual brain regions do not act in isolation. This concept is not new, 1,2 but recently, there has been a rapidly increasing number of investigations that emphasized the interactions of different brain regions in cognitive processes. 3, 4 A common approach to the assessment of functional connectivity requires a priori selection of regions, with the consequence that relationships outside of the chosen regions will go undetected. Recent advances in quantitative analysis of complex networks allow evaluation of the organization of the overall network; a leading method in this regard is graph theoretical analysis. 4 Models of the human brain's complex networks suggest that its functional connectivity exhibits small-world structure. In a small-world network, most nodes are not neighbors of each other, but most nodes can be reached from other nodes by a few connections. Small-world networks tend to have clusters of subnetworks, which are highly connected, and most pairs of nodes will be connected by a short path. Thus, small-world networks are characterized by short path lengths and high clustering coefficients.
Small-world networks are hypothesized to optimize rapid synchronization and information transfer, and create a balance between local processing and global integration. 3 Many real networks besides the brain exhibit small-world network characteristics (e.g., gene networks, social networks, Internet connectivity).
In this issue of Neurology ® , Vlooswijk et al. 5 employ graph theoretical network analysis to evaluate fMRI signals during a word-generation task in patients with frontal or temporal lobe epilepsy. They found that patients with chronic localization-related epilepsy have disruption of both local segregation and global integration. In other words, their networks had longer path lengths and less clustering. Further, the disruption of efficient small-world properties in brain networks was worse in the patients with the greatest cognitive deficits. These widespread network disruptions are consistent with other studies demonstrating widespread abnormalities in patients with localization-related epilepsy that involve anatomic structures (i.e., cortical and subcortical volume reductions and diffuse structural white matter abnormalities) and metabolic abnormalities (e.g., PET, magnetic resonance spectroscopy). 6 Synchronization and temporal patterning of neural activity are important in both normal brain function and pathophysiologic conditions. 7 For example, pathologic networks are involved in the generation of interictal and ictal epileptic activity. 8 Multiple other brain disorders (e.g., schizophrenia, autism, Alzheimer disease, and Parkinson disease) are also associated with alterations in functional networks that deviate from an optimal small-world pattern. 3 Thus, the effects of pathologic processes on normal physiologic brain activity are of considerable clinical relevance. Further, an understanding of how neurons interact across networks is critical to understanding normal brain function.
Graph theoretical measures will likely provide additional information on neural networks, and many questions remain unresolved. 3 Which network factors are most important for normal cognitive func-tion? How do genetic and environmental factors affect cerebral networks? What is the relationship of the pathologic physiologic network alterations and structural brain abnormalities? Do certain network alterations predispose to the occurrence of seizures? Can network measures be useful for diagnosis or monitoring of therapies? We await additional studies that utilize state-of-the-art mathematical techniques like graph theory networks to examine imaging and electrophysiologic data to provide answers to these important questions. An approach that considers brain function and the effects of disease across an interactive network is likely to yield new insights beyond those of simple localization. 
DISCLOSURE

